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1.0 INTRODUCTION AND SUMMARY 

Occurrences of thin NBR insulation in the cylindrical areas of the 
8B aft, 8A center, and 7 B  forward segments make it desirable to 
develop our ability to secondary vulcanize raw calendered NBR 
rubber into a previously cured NBR insulated segment. Impact to 
schedule and high costs of removing and replacing the insulation 
indicates the need to evaluate the feasibility of adding raw NBR 
insulation to provide required thicknesses of insulation in RSRM 
segments. 

This testing evaluated insulation preparation and various coating 
combinations using three rubber thicknesses. This testing only 
evaluated applying the raw insulation over the pattern texture 
face of cured insulation. 

It is concluded that using a wire brush and TCA solvent increases 
the bond strength and that either of the Chemlok combinations (one 
coat of 205 or one coat of 205 and one coat of 233) provide an 
adequate interface strength to cause cohesive failure when peeled 
at 45 degrees. 

When secondary vulcanization is conducted directly onto the cured 
NBR pattern surface, it is recommended that the surface be 
prepared by cleaning with TCA solvent and a clean wire brush, and 
immediately drying with a clean low-lint cloth. It is also 
recommended that the Chemlok 233 and 205/233 surface coat 
combinations be further tested and evaluated by pull testing to 
better define the best system to use in providing maximum 
interface bond strength. 

The laboratory test results 
(Attachment I) were provided to Space 
Quality Statistical Engineering for 
evaluation of resulting data. Their 
observations and related comments are 
provided as Attachment 11. 

TWR-50288 
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2 .0  CONCLUSIONS 

2 PAGE 

1. Secondary vulcanization of raw asbestos NBR to cured asbestos 
NBR using Chemlok 233 adhesive or Chemlok 205 primer, and 
233 adhesive produces interface bond strengths sufficiently 
strong to cause cohesive failures at significant peel values. 

2. Using a clean wire brush in the solvent cleaning step of the 
surface preparation improves the bond quality of a cured to 
secondary vulcanized asbestos NBR interface. 

3. Use of tackifier allows an adhesive failure at the cured 
asbestos NBR rubber to secondary vulcanized asbestos NBR 
rubber interface. 

3.0 RECOMMENDATIONS 

It is recommended that: 

1. Secondary bonding be qualified as a repair method rather than 
insulation removal when thin insulation occurs in RSRM 
segment insulation operations. 

2. Further testing be conducted to identify the best Chemlok 
system to provide optimum secondary vulcanization interface 
bond reliability. 

3. A clean wire brush be used during the solvent cleaning 
surface preparation operations to enhance the bondline 
quality. 

4. Tackifier not be used as a mediator coating in cured asbestos 
NBR rubber to raw asbestos NBR rubber bonding surface 
preparation operations. 

REVISION - 
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4.0 DISCUSSION 
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This testing was conducted in the Phase 11 full-scale edge unbond 
test segment after the testing outlined in WTP-0179A was 
completed. The tests were conducted per the test matrix provided 
as Table I. 

4.1 Insulation Surface Preparation 

a. The entire surface of the cured insulation surface where 
the samples were to be located was cleaned with TCA 
prior to the start of the test. 

(1) The areas were thoroughly cleaned a second time 
with a dampened TCA low-lint cloth. Then, 
immediately dried with a clean dry low-lint cloth 
to ensure no solvent residue remained. 

(2) The sample area was wetted with TCA and brushed 
thoroughly with a new (previously solvent cleaned) 
wire brush to remove any contaminants from the 
textured insulation surface and then thoroughly 
dried with a clean low-lint cloth. 

4.2 Surface Coatine ADDlication 

a. One coat of Chemlok 233 was brush applied tothe pre- 
determined areas of the cured NBR insulation of the 
segment. These surfaces were allowed to dry for a 
minimum of 30 minutes. 

b. One coat of Chemlok 205 and one coat of Chemlok 233 were 
brush applied in the predetermined areas of the cured 
NBR insulation of the segment. Each individual coat of 
Chemlok was allowed to dry for a minimum of 30 minutes 
before the next subsequent operation was conducted. 

c. Tackifier was brush applied on the cured insulation 
surface. The raw rubber was required to be laid on this 
surface within five to ten minutes after tackifier 
application. 
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4.3 Insulation LavuD 

All rubber layup was l a i d  so 
tha t  the grain of the NBR 
r u b b e r  e x t e n d e d  
circumferentially i n  the 
segment (paral le l  t o  the 
direct ion of the sample 
pul l )  * 

Solvent (TCA) activation method and dry t i m e  was to  the 
normal RSRM segment insulating process requirements. A two 
inch wide s t r i p  of Teflon tape was placed across the f u l l  
width of each sample. This tab was placed a t  the tang s ide 
of each sample t o  ensure sample t o  sample consistency. 

4 . 4  

Dacron pat tern cloth and 7777 Dacron breather cloth were 
placed over the en t i r e  insulation surface. The nylon vacuum 
bag was ins ta l led  t o  extend from the OD of the case tang end 
t o  j u s t  forward of the tang end rubber layup onto the bare 
s t e e l  case. 

4.5 Autoclave Cure 

Cure w a s  i n  the M-111 autoclave per the standard center 
segment cure cycle and requirements as monitored by the 
lagging sample thermocouple. 

4 . 6  Sample Removal. PreDaration And Peel Testing 

The surface of the cylinder did not 
have  Chemlok; t h e r e f o r e ,  t h e  
prev ious ly  cured i n s u l a t i o n  and 
subsequen t  secondary vulcanized 
samples could be removed from the t e s t  
cylinder. 

TWR-50288 
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The insulation areas containing these test samples were 
removed from the test segment at H-7 and trimmed at 2-12 for 
bonding to witness panel plates. Each of the 14 samples were 
then bonded to a witness panel with EA 934NA and the 
secondary vulcanized layers cut into one-inch strips 
perpendicular to the grain of the NBR rubber. Peel testing 
was conducted at room temperature, at 45 degree angle, and at 
two inches per minute. 

VOL 

4 .7  Test Results 

SEC 

The lab test results are included as Attachment I. Data from 
Samples 11 and 13 were not considered because of unexplainable 
inconsistency in peel testing data. Visual examination did not 
determine any explainable reason for the testing inconsistencies ; 
however, the data from these two samples were not considered in 
the evaluation for these study results. All Chemlok combinations 
produced cohesive failures on resulting sample peels. Tackifier 
prepared samples failed in combination adhesive/cohesive failures, 
and the average (pli) stress was quite consistent when comparing 
the three thicknesses of samples pulled: 

5 PAOE 

.300 inch thick 170 pli 

.lo0 inch thick 81 pli 

.050 inch thick 43 pli 

REVlSlON - 



SEC 6 PAGE 

, 

CORPORATION 
SPACE OPERATIONS 

d. - I 1 1 i 

t X  
1 I 

i I x  I i x l  
1 ! x  I I 

I ' x  1 ! 

I 

i 1 . 
I , i  
1 I 

N - 
I l x  I X I  
1 

x i  I 
1 

I X  
1 I 

I 
i X 
I t 

1 I X / 
I X I  
1 

1 l x  
I t 

I I 1;- 

1 J 

i m 
I 1 
I X '  d w 

d 
re a aJ 
p: 

xi 1 

x 1  I 
1 1 
L 

I 

1 1 

r9 

N 

1 1 1 
x i  I 1 

I . '  - i 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

- I  I 
61 

Y 
0 

.c 
- 
t . 
c 

0 
0 
M 

- 

c 
c a 
c 

is 
N 
c 
0 
0 
0 
0 

6 
01 0 
01- 
L o o  

- I  

TWR-50288 I VOL REVISION - DOC NO. 



CORPORATION 
SPACE OPERATIONS 

ATTACHMENT I. R&D Laboratory - Test Result Data 

Failure IWe Key 
1 Adhrrivr/lktal 5 = Cohnivc/Rubbw 9 = Void 

UIIII: 583240 2 = Cobnin/Adhesivc 6 = MhnivelRubbw 10 = Failure h t  
Mort Order: B1174 3 = Mnin/Phmoiic 7 = Eohnivc/Lins n = T& hoke 
(kipinator: 6 u y  Purser 4 = Cdrrsive/Phrnoiic 8 = AdhesivelLins B = kttm Side 

P = Pmel Side 

hte: 09/20/89 Test Hachine: Rirhle Temperature: 73 Dq. F 
Techrician: ll.Davis Test Type: 45 Dqfn Peel Crosshead Sped: 2.0 in/rin 

Nin Ikr Avq F u l ~ e  I#r krlpir 
SPK Scqmrt. Panel Midth Stress Stress Stress Incba 
lb. ID, ID. !%rial IinJ (pli) (pli) (p l i l  Peeled 1 2 3 4 S 6 7 I 9 10 

1 Pnrl:l 
2 Panel 11 
3 PIprl11 
4 Panel11 
5 Pml11 

' 6 Panel 11 
7 P m 1 # 1  
B Panel 41 
9 Panel #l 

10 Panel 11 

herage: 
Standard kviatim: 
M f .  Df vu: 

Date: 09120/89 
Tccbnicim: I.Davis 

SPK scs#nt 
IQ. ID. 

1.oOoo 
1.oooO 
Loo00 
1.oooO 
Loo00 
Loo00 
Loo00 
I. oooo 
Loo00 
1.oooO 

39.4 39.4 39.4 0.0 
42.0 42.0 42.0 0.0 
42.7 42.7 42.7 0.0 
43.5 43.5 433 0.0 
40.6 40.6 40.6 0.0 
13.5 43.s 4LS 0.0 
41.9 41.9 41.9 0.0 
42.3 42.3 42.3 0.0 
41.2 41.4 41.3 0.0 
43.9 11.1 u.0 0.0 

42.1 42.2 42.1 
1.4 1.4 1.4 
3.36 3.41 3.38 

Test Hachine: Rickle Tqerrture: 73 D q .  F 
Test Type: 45 Btqm Peel Crosshead Speed: 2.0 in/un 

100 
100 
100 
100 
1 1  
100 
100 
100 
100 
100 

100 

n 
TI 
n 
D 
n 
n 
n 
n 
D 

m 

llin Ilu Av9 Failare kdc krrlysis 
Panel Yidth Stress Stress Strwr Incbes - 

ID. Scriai [in) (pli) (plil (pli) Peeled 1 2 3 4 S 6 7 8 9 IO 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Panel 42 
Panel 12 
Panel 12 
Panel 12 
Panel 12 
Panel 12 
Panel 12 
Panel I 2  
Panel 12 
Panel 12 

Average: 
Standard Deviation: 
caeff. of vu: 

Loo00 
1.0700 
1.oooO 
l.oQ00 
1. odob 
1.oooO 
1.0200 
Loo00 
1.Oooo 
1.aooO 

89.0 90.2 89.8 0.2 
85.9 81.6 86.8 0.4 
83.5 85.8 84.7 0.2 
a 3  85.8 84.0 0.1 
83.5 84.2 83.8 0.2 
115.6 84.3 84.0 0.2 
79.2 81.5 80.5 0.2 
63.6 78.8 7S.1 0.3 
81.2 82.5 81.8 0.2 
83.5 86.5 85.1 0.2 

81.5 81.7 83.6 
6.0 3.2 3.9 

0.n 3.82 4.66 

~~ ~~ 

100 
100 
100 
100 
100 
100 
100 
100 
100 
Io0 

100 

- -  
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ATTACHMENT I. R&D Laboratory - Test Result Data (Continued) 

Failure Hode Key 
1 = Adhcriveltletal 5 = Cohcsive/Rubber 9 = Void 

LYR I : 583240 2 = Cohesivelklbesive 6 = Mhesive/Rubbn 10 = Failure Covmt 
Mort kds: B1174 3 = Adhesivr/Phmolic 7 = CohniwlLina TB = Tab Broke 
Or191 lator: 6uy Purser 4 = Coharvr/Phmolic 8 = Adhesive/linn B = Brtfpr Side 

P = Panel Side 

Date: 09/20/89 lest  Hachine: Richlc Tnpcrature: 73 Deq. F 
Technician: H.Davis Test Type: 45 Dqree Peel Crossheld Speed: 2.0 inlain 

llin Ilu Avg Failure Hade halysis 
spec s n l r m t .  Panel Width Stress Stress Stress Inches --I- 

no. ID. ID. Serial ( i n )  (pli) (pli) ( p l i )  Peeled 1 2 3 4 5 b 7 8 9 10 

21 
22 
23 
24 
2s 
26 
n 
2E 
29 
30 

Panel 13 
Panel 13 
Panel 13 
Panel 13 
Panel 13 
Panel 13 
Panel 13 
Panel 13 
Pun1 13 
Panel 13 

ftvuage: 
Standard Deviation: 
h f f .  of vu: 

1.Oooo 
0.9900 
1 0000 
1.oooO 
1.Oooo 
1.Oooo 
1.0200 
1.oooO 
Loo00 
1.oooO 

163.9 17l.O 170.8 2.5 
156.9 165.7 160.7 2.5 
156.7 165.3 lb1.7 2.5 
154.3 159.5 156.7 2.5 
152.3 163.9 158.3 2.5 
153.4 156.9 158.2 2.5 
153.0 172.0 162.7 2.5 
152.9 166.1 159.7 2.5 
159.9 173.7 lM.J 2.5 
161.9 171.3 167.6 2.5 

156.5 168.1 162.1 
4.1 5.2 4.5 

2.63 3.11 2.15 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 

kte:  ow20IBp Test k b i n e :  &&le Temperature: 73 kq. F 
Technician: A.Davis Test Type: 45 Deqree Peel Crosshead Sped: 2.0 i n l i i n  

llin Hu Avg Failure We ADalysis 
SPK scprmt Panel Width Stress Stress Stress Inches --- 
Ilo. ID. ID. Swirl  ( i n )  ( p l i )  (pli) ( p l i )  Peeled 1 2 3 4 5 6 7 8 9 10 

31 Panel 14 
32 Panel #4 
33 Panel 14 
34 Panel H 
35 Panel I )  

36 Panel 14 
37 Panel 14 
38 Panel 14 
39 Panel 14 
40 Panel 14 

Avcraqe: 
Standard Deviation: 
Coeff. O f v a r :  

1.Oooo 
0.9900 
1.0100 
1.oooO 
1.oooO 
1.oOoo 
1,ooOO 
0.9800 
1.oooO 
1.oOoo 

42.6 42.6 42.6 0.0 
45.2 45.2 45.2 0.0 
42.1 42.1 42.1 0.0 
43.7 43.7 43.7 0.0 
41.8 41.8 41.8 0.0 
43.8 43.8 43.8 0.0 
38.6 40.1 39.6 0.0 
46.4 46.4 46.4 0.0 
45.4 46.1 45.7 0.0 
41.8 43.0 42.4 0.0 

43.1 43.5 43.3 
2.3 2.0 2.1 

5.22 4.51 4.77 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 

fB 
n 
n 
Tp 
n 
n 
n 
n 
n 
n 
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ATTACHMENT I. R&D Laboratory - Test Result Data (Continued) 

VOL 

Failure W e  Key 
I = Mhesive/)l tal 5 = Coksive/Rubba 9 = Void 

LYR 1 : 583240 2 = Cohwive/kbsive 6 = AdhrsivdRubbn 10 = Failure Cowmt 
Mort Order: 91 171 3 = Adhcsive/R enolic 7 = Cahesive/Linn TB = Tab kote 
Ori pinator: 6ary Purser 4 = Cohwive/PtFnolic E = WhcrivelLina E = Euttm Side 

P = Panel Side 

Date: 09120189 Test tlachine: Riehle Tnperature: 73 Deg. F 
Technician: N.Davis Test Type: 45 Dqrcc Peel Crosshead Speed: 2.0 in/rin , 

llin Ikx Avg Failure llodc halysis -- sp= S t g m t .  Panel Yidth Stress Stress Stress Inches -- 
Ilo. IR. ID. Serial ( i n )  ( p l i )  (pl i )  ( p l i )  Peeled 1 2 3 4 S 6 7 8 9 10 

41 P m l K  
42 Panel 15 
43 Panel 15 
44 Panel 15 
4s Panel 15 
46 Panel 15 
47 Pane115 
I Panel 45 
49 P m f K  
SO PanelK 

nvuay: 
Standud Deviation: 
Wf. of vu: 

Date: 09/21/89 
Technicin: A.Davis 

1.oooO 
1.oOoo 
1.oOoo 
1.0000 
1.oooO 
1.oOoo 
Loo00 
1.oooO 
1.oooO 
1.oOoo 

80.9 84.2 83.2 0.2 
76.8 79.1 n.9 0.2 
79.1 80.7 80.0 0.1 
80.1 83.2 82.2 0.2 
79.6 81.4 80.5 0.2 
82.3 03.9 83.0 0.2 
79.6 81.3 80.4 0.1 
83.2 84.0 83.5 0.1 
82.4 86.2 85.0 0.3 
81.5 82.9 82.3 0.2 

80.5 82.7 81.8 
1.9 2.1 2.1 

2.39 2.50 2.56 

Test kb ine :  Riehle Temperature: 73 
Test Type: 45 Drqrw Peel Crosshead Speed: 2.0 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 

TB 
n 
TB 
n 
TB 
n 
TB 

n 

n 
n 

llin k Avq Failure We Ikalysir - SpK snlunt Panel Yidth Stress Stress Stress Inches 
No. ID. ID. Srrial ( in )  ( p l i )  (pl i )  ( p l i )  Peeled 1 2 3 4 5 6 7 8 9 10 

51 
52 
53 
54 
55 
56 
SI 
58 
59 
60 

Panel 16 
Panel 16 
Panel 16 
Panel 16 
Panel 46 
Panel 16 
Panel 16 
Panel 16 
Panel 16 
Panel 16 

Average: 
Standard Deviation: 
Coeff. of vu: 

REVISION - 

1.oOoo 
1.0200 
1.0000 
1.oooO 
0.9800 
Lao00 
Loo00 
1.OoOo 
0.9700 
1.0000 

170.5 180.8 175.8 2.5 
166.3 179.1 171.7 2.5 

159.4 169.9 165.5 2.5 
1xi.8 165.7 161.2 2.5 
161.5 170.2 165.8 2.5 
159.0 168.6 162.6 2.5 
163.9 172.7 168.0 2.5 
164.0 171.4 lb6.9 2.5 
163.2 173.3 167.4 2.5 

164.8 177.3 170.2 2.5 

162.8 172.9 167.5 
4.2 4.8 4.3 

2.55 2.79 2.56 

100 
100 
100 
100 
I00 
100 
100 
100 
100 
100 

100 
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ATTACHMENT I. R&D Laboratory - Test Resul t  Data (Continued) 

10 WGE 

Failure mde Key 
I = Mhrsive/ktal 5 = cokcrive/Rubbw 9 = Void 

LWA 1 : 583240 2 = Cdtnivr/Adhoire 6 = lldkesivelRubbn 10 = Failure Cower t 
York Order: B1174 3 = Mhesive/Phrnolic 7 = Cohesive/Liner n = Tab &ott 
Oriqtnator: 6 u y  Pursn 4 = CDhrsivr/Phrnolic 8 = Adhrsive/Linn 8 = BPttm sik 

P = Panel Site 

Date: 09/211m Test Ilachine: R i d e  Tnpcrature: 73 4. F 
Technician: H.Davis Test Type: 45 Oegfee Peel Crosshead Speed: 2.0 inlrin 

Hin nu Av9 Failure We Analysis 
sp= Scgmt, Panel Yidth Stress Stress S t r r u  Incbn - 
No. In. ID. Serial ( i n )  ( p l i )  ( p l i )  ( p l i )  Peeled 1 2 3 4 5 6 7 B 9 10 

61 Panel 17 

63 Panel 17 
64 Panel 17 
65 Panel 17 
66 Panel 17 
67 Panel 17 
68 Panel 17 
69 Panel 17 
70 Panel 17 

62 P M d  17 

Ilvuapc: 
Standard Deviation: 
Wf. of Vu: 

kte: 09/21/89 
Tecbnicim: H.Davis 

S ~ K  Scqrrnt 
wo. IO. 

71 Panel 18 
72 Panel I 

74 Panel 48 
75 Panel 18 
76 Panel 18 

78 Panel 18 
79 Panel 18 

n Panel 18 

77 Panel 18 

80 P M d  18 

Ilveraqe: 
S t a n d u d  Deviation: 
Cocff. of vu: 

0.9800 
0.9600 
1.03OO 
0.9800 
1.0100 
1.0000 
1.0200 
1.0200 
1.Oooo 
1.0300 

83.2 86.2 E4.9 0.2 
80.7 82.0 81.2 0.1 
81.3 82.2 81.8 0.1 
81.9 83.4 82.9 0.2 
81.6 84.0 83.1 0.2 
78.0 83.5 80.7 1.3 
77.1 82.4 79.3 1.2 

78.3 82.4 EO.4 0.6 
79.4 81.8 ma 0.3 

77.7 82.9 80.9 0.8 

79.9 83.1 81.6 
2.1 1.3 1.6 

2.62 1.57 1.99 

s o s o  
5 0 5 0  
4060 
30 70 
30 70 
Z O B O  
2 0 8 0  
4 0 6 0  
2 0 8 0  
2 0 8 0  

3268 

n 
n 
n 
n 
n 
To 
n 
To 
n 
To 

Test Ilachine: Rirhlc Tngaature: n w. F 
Test Type: 45 Degree Peel Crosshead Speed: 2.0 in/rin 

Hin hx Av9 Failure We Analysis 
Panel Yidth Stress Stress Stress Inches ------ 

in. Swiai ( i n )  ( p l i )  ( p l i )  (plil Peeled 1 2 3 4 5 6 7 8 9 10 ------ ----I-- ------_I 

l.ao00 153.4 161.0 157.2 2.5 30 70 
1.OOOO 154.2 165.5 160.1 2.5 30 70 
1.0400 145.5 156.3 152.5 2.5 30 70 
1.oooO 148.0 160.7 155.5 2.5 4 0 6 0  
1.0200 150.1 162.1 155.7 2.5 30 70 
LOO00 153.1 159.5 156.3 2.5 30 70 
0.9700 154.6 161.3 157.9 2.5 30 70 
1.oooO 150.2 157.7 154.8 2.5 30 70 
0.9800 158.0 164.1 161.3 2.5 30 70 
1.OOOO 159.1 165.2 162.0 2.5 30 70 

152.6 161.3 157.3 
4.3 3.0 3.0 

2.79 1.M 1.92 

31 69 

Prepared by the kchanical Properties Characterization Section of the RLD Laboratories 
PAi-2 $ 
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ATTACHMENT I. R&D Laboratory - Test Result Data 
Fai lure flode Kev 

5 = Cohesive;Rubber 
LYR # : 583240 2 CohesiverAdhesive 6 = Adhesive/Rubber 
krl! Order: 11174 = Adhesive/Phmolic 7 = Cohesive/Liner 
Oriqinator: Gary Purser 4 = CohcsivoPhmolic 3 = ddhesive/Liner 

1 = bdhesive!fletal 

SEC 

(Continued) 

11 PAGE 

9 = Void 
10 = Failure Comnt  

Tb = Tab Broke 
B = Button Side 
P = Panel Side 

Date: 09/21 i89 Tes t flrchi ne: R i e h l  e Temperature: 73 Deq. F 
iechnici an: If. Davis Test Type: 45 Deqrec Peel Crosshead Speed: 2.0 i n / r i n  

R i n  flax kv9 Failure Hode Analysis 
Spec Segment Panei Width Stress Stress Stress Inches . . . . . . . . . . . . . . . . . . . . . . . . . .  
No. ID. ID. Serial ( i n i  ( p l i )  ( p l i i  ( p l i l  Peeled 1 2 3 4 5 6 7 B 9 10 

----------------------------_____I_____________--------------------------------------------- ----I 

81 Panel 19 1.6306 77.6 79.1 78.3 0.1 100 TB 
82 Panel 19 1.0000 83.9 86.5 85.2 0.5 100 TB 
83 Panel #F 1.9400 82.9 86.3 85.0 0.3 100 TB 
64 Panel 19 1.0530 80.8 82.6 81.9 0.4 100 TB 
85 Panel 19 1.0206 81.5 85.2 83.4 0.4 100 TB 
86 Panel ( 9  0.9700 82.2 ~ 6 . 4  84.2 0.4 100 TB 
87 Panel 19 1.0000 81.9 85.3 85.6 0.3 100 TB 
BB Panel 19 1.0000 78.5 79.8 79.1 0.1 100 TB 
E9 Panel t 9  1 . ~ 0 0  83.0 84.8 84.1 0.2 100 TB 
90 Panel 1 9  1.0000 82.5 83.7 83.1 0.3 100 TB 

hera9e: 
Standard Dcviation: 
Coeff. of Vir: 

81.5 84.0 82.8 
2.0 2.7 2.4 

2.47 3.19 2.85 

100 

Date: 09/21/89 Test Hachine: Riehle Temperature: 73 Deq. F 
Technician: 1I.Davis Test Type: 45 Deqrec Peel Crosshead Speed: 2.0 i n / r i n  

Hin flax llvq Fai lure Hade Analysis 
Spec Segment Panel Width Stress Stress Stress Inches ------- 
No. ID. ID. Serial  ( in )  i p l i l  ( p l i )  i p l i )  Peeled 1 2 5 4 5 6 7 8 9 10 ----------------------------------------------------------------------------- 
91 Panel 110 1.0000 160.6 184.9 169.7 2.5 100 
92 Panel 110 1.0000 161.3 173.8 168.3 2.5 100 
93 Panel 110 1.0000 157.6 169.7 163.3 1.9 100 

1.0600 159.3 175.9 167.9 1.9 100 94 Panel 110 

96 Panel 110 1.0000 188.9 205.7 196.6 5 100 
97 Panel 110 1.0000 ibs.8 176.8 172.1 3 100 
FB Panel 110 1.0000 162.3 181.0 170.6 5 100 
09 Panel +l0 1.3000 ib;.~ 181.3 169.5 3 100 

160 Panel 110 1.0000 163.0 174.5 168.2 5 100 

.- 

I 95 Panel 110 1.0000 -4.8 222.3 113.8 .3 : loo TB 

Average: 
Standard Devi a t  i on: 
Coeff. of Var: 

164.6 180.4 1?1.5 
9.4 10.5 9.6 

5.72 5.83 5.60 

100 

t Excluded tror average sf€ C S # N f & I  dw PAg€ 7 
freoared b v  the Eechanlcal Frooerties Charact?ri:at:cn S E C : : ~  o i  the R&D ?aborator:es 



. 
coRpoflAT/ON 

SPACE OPERAl7ONS 

ATTACHMENT I. R&D Laboratory - Test Result Data (Continued) 

Failure I(0de Key 
1 = Adhesive/l(ctal 5 = Cohesiw/Rubbw 9 = Void 

LYR 1 : 583240 2 = Cohesivr/lldhes~w 6 = Whesive/Rubbn 10 = Failure CPwmt 
York Order: B1174 3 = Adhesive/Phrnolic 7 = Cohcsive/Lins Tll = Tab bote 
Originator: 6ary Purser 4 = C~hesive/Phrnolic 8 Whesive/Lins 8 = Button Side 

P = Panel Side 

Date: 09/21/89 Test firchine: Riehle Trrpcrature: 73 Reg. F 
Techmici an: M.Plvis Test Type: 45 Dqree Peel Crosshead Speed: 2.0 in/rin 

Bin Mu Avg Failure M e  lhalyris 
S F t .  Panel Yidth Stress Stress Stress Inches ----------- 

no. ID. ID. Serial ( i n )  (pli) ( p l i )  ( p l i )  Peeled 1 2 3 4 5 6 7 8 9 10 

101 Panel 111 1.0000 -0.1 133.1 69.8 0 100 TE 
102 Panel 111 1.0000 0.0 133.0 69.0 0 100 TB 
103 Panel 111 1.OOOO -0.1 132.3 58.2 0 100 TB 
104 Panel 111 Loo00 0.8 137.0 12.5 0 100 TB 
105 Panel 111 1.OOOO 0.7 131.8 65.0 0 100 n 
106 Panel 111 1.OOOO -4.1 i32.8 54.8 0 100 TB 
107 Panel 111 1.oooO -0.4 134.9 67.8 0 100 TE 

109 Panel 111 Loo00 -2.1 134.2 63.6 0 100 n 
110 Panel 111 1.oooO -3.9 139.4 61.8 0 100 TB 

-- ---- ---- ----I__ 

108 Panel 111 1.OOOO -0.5 122.9 52.3 0 100 n 

Average: 
Standard Reviation: 
Coeff. of vu: 

-1.0 133.5 63.5 
1.8 4.3 6.7 

-182.50 3.21 10.57 

100 

Date: 09/21/89 Test Machine: Riehle Teapaature: 73 D q .  F 
Technician: M.Davis Test Type: 45 Rqrn Peel Cros5hcad Speed: 2.0 i n h i n  

llin Mu Avg Failure Rode lhalysis 
SPK scpHnt Panel Yidth Stress Stress Stress Inches -- 
Ilo. ID. ID. Swirl (in1 (pli) ( p l i )  (pl i )  Peeled 1 2 3 4 5 6 7 8 9 10 

111 Panel 112 1.OOOO 176.1 193.2 183.7 3 100 
112 Panel 112 1.oooO 168.2 189.4 177.6 3 100 
113 Panel 112 1.OOOO 166.2 178.1 171.7 3 100 
114 Panel 112 1.oo00 171.8 189.2 179.9 2 100 
115 Panel 112 1.0400 162.2 174.0 168.4 2.5 100 
116 Panel 112 1.0200 165.9 184.8 174.1 2.5 100 
117 Panel 112 1.OOOO 164.3 187.3 173.3 2.7 100 
118 Panel 112 1.0300 167.1 179.8 173.5 2.5 100 
119 Panel 112 1.oooO 170.4 182.6 174.0 2.5 100 
120 Panel 112 1.0700 165.1 176.2 171.8 2.5 100 

-- -_. -- -7 - 

Rverapr: 
Standard Deviation: 
Coeff . of Var: 

167.7 183.5 174.8 
4.1 6.4 4.4 
1.43 3.48 2.54 

100 

Preoarrd by the Iechanical Propertie5 Characterization Section of  the RkD Laboratories 
E%€ 0' 
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Paihre iodr hey 
1 : AdherivciHetal 5 = Cohesiveilubber 9 : Void 

LVO 1 : 583240 2 : Cohesive/Adherive 6 : Adherive/ ubber 10 : Failure Coneat 
Yort Order: 81174 3 : Adheaive/Pbenolic 1 5 Coherivel iner ts : Tab Broke 
Oriliaator: Gary Puraer 4 : Cohesive/PLenolic 8 : Adhetive/liner U : ktto: Side 

P : h e 1  Side 

Date: 09/25/89 tert Hachine: Dieble ferperature: 13 Del. F 
technician: H.Davir Test Type: 45 Delree Peel Crorsbed Speed: 2.0 irlmir 

Hin Har Avg Failure llode Aailyris 
vidth Strear Streas Btrerr Inchen ------------------------------------- Spec Seiaent Panel 

Yo. ID. ID. Serial (in) {pli) (pli) (pli) Peeled 1 2 3 4 5 6 T 8 9 10 

l l t l  Panel 113 1.0000 81.0 81.0 82.6 0.2 20 80 TU 
_-__-_---------------------------------------------------------------------------------------------------------------------- 

122 Put1 113 1.0200 73.1 80.3 11.0 2.0 30 10 
123 Panel 111 1.0200 13.4 81.3 16.8 2.0 30 TO 
124 Panel 111 1.0000 72.9 19.3 16.1 2.0 30 TO 

l l 2 5  Panel 113 1.0200 19.5 81.9 81.0 0.3 30 10  n 
i f26  Panel 113 1.0000 19.1 83.5 82.0 0.2 30 TO n 
t l2T Panel 113 1.0400 69.1 11.5 10.3 0.1 20 18 n 
l121 Panel 111 1.0000 14.0 16.8 T5.2 0.1 20 86 n 
1129 Panel 113 1.0000 ?E.? 83.1 81.4 0.5 30 T O  n 
tl30 h e 1  111 1.0000 15.2 81.8 T8.2 1.0 30 T O  n 

Areralc: 
Standard Deviation: 
Coeff. of Vir: 

13.1 80.3 16.8 
0.2 1.0 0.1 

0.33 1.20 0.19 

Bate : 09/25/89 Test Ilrcbine: Eiehle temperature: 13 Del. F 
Technician: II.Davirr Teat Tw: 45 Depee Peel Crorrhed Speed: 2.0 in/mir 

30 10 

-------------------_----------------------. 
111 Panel 114 
112 Panel 114 
133 Panel 114 
134 Panel 114 
115 Panel 114 
136 Panel #14 
131 Panel 114 
138 Panel 114 
139 Panel 114 
140 Panel #I4 

AVtrl6e : 
Stmdard Deviation: 
Coeff. of Vir: 

1.0000 
1.0000 
0.9900 
1.0400 
1 .oooo 
1.0200 
1.0000 
1 IO000 
0.9900 
1 * 0000 

111.8 203.3 
113.1 191.1 
181.5 204.0 
138.9 201.1 
144.6 201.1 
114.1 206.5 
158.1 214.0 
145.8 21T.2 
155.8 218.3 
131.5 212.3 

193.8 0.1 
189.2 0.2 
200.1 0.2 
183.8 0.9 
184.9 0.8 
160.4 1.0 
203.1 0.1  
190.3 0.8 
200.1 0.7 
184.9 0.4 

152.4 208.1 189.1 
22.5 6.1 12.3 

14.14 3.20 6.51 

10 10 
30 10 
10 T O  
20 80 
20 16 
20 80 
20 80 
20 80 
20 80 
20 80 

21 TT 
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ATTACHMENT 11. Memo 8863-FY90-MO46 Bond Strength 

7- CORPORATION 

SPACE OPERATIONS 

11 Oct 1989 
8863-FY90-MO46 

TO: S. K. Jensen 

FROM: D. S. Brown 
Extension 5813 

SUBJECT: Bond Strength 

REVIEW 

A test matrix of 14 different combinations was set up and 
ten measurements were taken at each combination (see Table 1). 
Panel 11 and panel 13 were not included in the analysis 
because there is a concern about the validity of these 
measurements. Also, panel 10 had one measurement which was 
not included in the analysis. 
were analyzed. 

The average stress values 

CONCLUSIONS 

It is obvious that rubber thickness is a significant factor. 
Level 3 (.300 in.) yields larger values than level 2 ( . l o 0  in.) 
and level 1 (-050 in.). A l s o ,  level 2 yields larger values 
than level 1. 

The following comments are my subjective opinion. 
statistical tests could not be performed. 

I believe that rubber preparation is a significant factor for 
rubber thickness of .300 in. Panel 3 and panel 10 were compared 
to each other, panel 6 and panel 12 were compared, and panel 8 
a n d  panel 14 were compared. These three comparisons indicated 
that the panels which had the wire brush yielded larger values 
than the panels without the wire brush. I believe that rubber 
preparation is not a significant factor for rubber thicknesses 
of .050 and .loo. 

Valid 

REVISION - 
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ATTACHMENT 11. Memo 8863-FY90-MO46 Bond Strength (Continued) 

15 PAGE 

Page 2 

I believe that Chemlok may be a significant factor for rubber 
thickness of .300 in. Panel 3, panel 6 ,  and panel 8 were 
compared and panel 10, panel 12, and panel 14 were compared. 
These two comparisons indicated that the three levels of 
Chemlok yield different results, however, it is not clear which 
level yields larger values. I believe that Chemlok is not a 
significant factor for rubber thicknesses of .050 and ,100. 

DISCUSS ION 

In comparing within a factor, the simultaneous effect of the 
other factors has not been included. This invalidates any 
statistical comparison, but it does allow f o r  some general 
observations. The data is in Table 2. 

P3L- 4 -  &- 
Duane S. Brown 
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ATTACHMENT 11. Memo 8863-FY90-MO46 Bond Strength (Continued) 

Table 1 

Panel 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

Rubber PreDaration 

1) TCA Clean with 
Rymple Cloth 

2) Wire Brush t TCA 
Clean/Dry with 
Rymple Cloth 

Chemlok 

1) One Coat 233 

2) One Coat 205 
then one Coat 233 

3) Tackifier 

Rubber Thickness 

1) .050 in. 

2) .lo0 in. 

3) .300 in. 

REVISION - 
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ATTACHMENT 11. Memo 8863-FY90-MO46 Bond Strength (Continued) 

1 

39.4 
42.0 
42.7 
43.5 
40.6 
43.5 
41.9 
42.3 
41.3 
44.0 

7 

84.9 
81.2 
81.8 
82.9 
83.1 
80.7 
79.3 
80.8 
80.4 
80.9 

Table 2 

Panel 

2 3 4 5 6 

89.8 
86.8 
84.7 
84.0 
83.8 
84.0 
80.5 
75.1 
81.8 
85.1 

170.8 
160.7 
161.7 
156.7 
158.3 
158.2 
162.7 
159.7 
164.5 
167.6 

Panel 

42.6 
45.2 
42.1 
43.7 
41.8 
43.8 
39.6 
46.4 
45.7 
42.4 

83.2 
77.9 
80.0 
82.2 
80.5 
83.0 
80.4 
83.5 
85.0 
82.3 

175.8 
171.7 
170.2 
165.5 
161.2 
165.8 
162.6 
168.0 
166.9 
167.4 

8 9 10 12 14 

157.2 
160.1 
152.5 
155.5 
155.7 
156.3 
157.9 
154.8 
161.3 
162.0 

78.3 169.7 183.7 193.8 
85.2 168.3 177.6 189.2 
85.0 163.3 171.7 200.1 
81.9 167.9 179.9 183.8 
83.4 196.6 168.4 184.9 
84.2 172.1 174.1 160.4 
83.6 170.6 173.3 203.7 
79.1 169.5 173.5 190.3 
84.1 168.2 174.0 200.1 
83.1 171.8 184.9 
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